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Tool for Independent Study in Biology 



.'} form that stimulr.ies and 
guides a student in independ- 
ent laboratory study in biology 
is described by an instructor in 
biological sciences ( A.B., M.A., 
California) of Sacramento 
City College. Use of the form, 
he says, has proved invalu- 
able. 

By JACK RICARD 

Cacramento City Coliege for a number of 
O years has been providing its students with op- 
portunities for independent study. In tne biologi- 
cal sciences department emphasis has been placed 
upon a specialized version of independent studv ; 
selection, design, performance, and repo: ting of 



an experiment intended to evaluate an hypothesis 
formulated by the student through the use of the 
deductive approach from a self-selected topic. 
This program has been well accepted by students 
of all abilities and has proved quite effective in 
evaluating student performance. Some of the 
drawbacks experierxed by many students as re- 
ported by Bonthius et al. (1957) were encoun- 
tered at City College also : lack of effective guid- 
ance on the part of the advisor, tendency for the 
student to procrastinate. To overcome these 
d’^awbacks various approaches were tested. An ef- 
fective one was found to be the selection form. 
This form is made available to the students as 
soon as the course procedure i.: explained. It is to 
be returned to the instructor within two or three 
weeks after the start of the term. The selection 
fo.-m is as follows : 




SACRAMENTO CITY COLLEGE— DEPARTMENT OF 
BIOLOGICAL SCIENCE 
INDEPENDENT STUDY 
EXPERIMENTAL METHOD EXERCISE- 
TOPIC SELECTION eORM 

Name: Course no.: Date: 

1. Title: 

2. Reason for selection: 

3. Hypothesis : 



4. EXPERIMENTAL SUBJECTS. Kind: 

No. per group 

5. VARIABLES. Independent: 



(STIMULU.S) 


Unit: 


Dependent: 




(RESPONSE) 


Unit : 


Irrelevant*: 





6. CONTROL GROUPS. Positive* Negative* 

7. TEST GROUPS. I Ii m. .. 

8. REFERENCES, include location where available: 

( 1 ) 



( 2 ) 

9. EQUIPMENT and/or materials ycu cannot secure on your 
own: 



♦ “Name two which may be sip;4iificant here.” 

Use the back of the form for any comment or additional in- 
formation you wish to include, AFTER CHECKING HERE: 



INSTRUCTOR*S COMMENTS: 



W 



SELECTION REPORT DIRECTIONS 
(Iude|>endent SL^dy— Kxperimentrii Method Exercise) 

L Title: Should indicate what factor (independent variable) you 
are going to investigate on what characteristic (dependent vari- 
able) of what experimental animal(s). Foi example: “Effect of 
RNA on memory in rats.” 

2. Reason for selection: Three major approaches may be used hrxe: 

(a) previous interest through personal experienc<r of some sort, 

(b) current interest through review of other student®’ work or 
proposed experiments in BSCS manuals, “Research Problems in 
Biology for ^dents,” (c) assigned experiment. 

3. Hypothesis: what do you predict will be the effect of the inde- 
pendent variable on the dependent variable. 

4. Experimental subjects. The selection of these depends on the 
independent variable primarily, also financial circumstances as 
well as home facilities. Some of thr more convenient ones are: 
insects, planaria, microorganisms, barley seedlings, etc. The more 
traditional ones are rats. A limited number of these can be had 
from the College and the Junior Museum on a first come, first 
served basis. They can also be purchased from pet shops and 
laboratory supply houses at a cost of about $1 per rat. At least 
fifteen subjects are needed per experiment, at the rate of 3 per 
group, and 5 groups. Mice are also suitable in many cases and 
are slightly cheaper. 

5. Variables. Three types of these have to be identified in connec- 
tion with your topic: The independent variable (Stimulus), the 
dependent variable and at least two irrelevant variables. The in- 
dependent variable is the factor which you predict is going to 
have some effect on the experimental subjects: vitamin on tlie 
growth rate of rats, sunlight on the growth rate of baby chicks, 
water on the growth rate of seedlings, etc. — to mention some of 
the simplest ones; or transaminase level in blood sCTum as a re- 
flection of cardiac infarction, ribonuclease effect on learning trans- 
mission through cannibalism in planaria. It has to b^ measured 
in concrete units: mg/day, s.i.g. units, micrograms /ml, hours of 
exposure/day at given intensity level, ml/day. The dependent 
variable (Response) is concerned with the effect of the inde- 
pendent variable upon the experiir.enfal subjects. It must al.so be 
measured in concrete units: average weight per group in grams, 
height of seedling in cm, percentage of damaged tissue in the 
heart, percentage of conditioned response to stimulus. The ir- 
relevant variables are those which may affect your results unin- 
tentionally. age, sex, and genotype are some of the more com- 
mon ones. A more general way to define the term “variable” is: 
any magnitude which has different values under different condi- 
tions. In an experiment, the effort is to hold all such magnitudes 
constant except two, one which is given different known values 
(the independent variable), and the resulting values of the other 
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(the tlcpendeiit variable) are observed and recorded. From thebe 
observations, the relationsliij) between the two variables can be 
computed, unless results have been distorted by a third variable 
which has eluded control (the irrelevant variable). 

C. The control ^uoups are the extreme cases settling the limits within 
which you plan to test out the ir»dependent variable, liotii arc 
essential te reveal the characteristics (T die exiicrirnental subjects 
under two extreme casts: (1) in the total absence of the inde- 
pendent variable in the environment (negative control or C-) 
and in the presence of an extremely large amount of the inde- 
pendent variable (tvositivc control or C+). l‘he functifvn of the 
C— is self-explanatory. The CT* is essential in orilcr to evaluate 
the area within which the experiment will take place. Almost any 
factor: physical, chemical or biological has an entirely different 
effect on eytieriniental subjects depending on the level at which 
it is applied The simplest example is perhaps the effect of water 
on barley seedlings (or rats, assuming forced feeding is used, 
as coramoidy performed on humans during the Dark Ages when 
torture was fairly common practice). The effect of water can 
be illustrated as follows: 



Well being 
of axpori- 
a«ntaX l\ 
subject 
Pleasured 
in height 
of average 
plant in 
feer 

eocaapla 

KiSPCfJSi; 



1C f 



i c + 




Incv».;a3iJTg water application per day 
STIKJLUS 



A ci.sual observ ation of the graph points out the extent to which 
the dependent variable response will vary as a result of the level 
of application of the independent variable. The same overall pat- 
tern prevails regardless r f the independent variable used so that 
a iK>sitive control must be used in order to evaluate approxi- 
mately where is the upper range of the independent variable lo- 
cated for the particular experiment you have designed; Within 
the “beneficial zone” as in tlie case of 1 C j-, the “even zone” as 
in the ca.se of 2 C+, or the “detrimental zone” as in the case of 
3 C+. 

The independent variable functions as the LIMITING FACTOR 
when its dosage is such that a change in its ccjnceiitration re- 
sults in a “beneficial zone” or “detrimental zone” pattern. Under 
those conditions a change in independent variable concentration 



is reflected immediately in the characteristics of the experimental 
.subjects. 

This concept of the limiting factor is a fundamental one in 
biology. Under all circumstances, individuals as well as popula- 
tions are limited in their devclopnient by one factor. This factor 
may change quite rapidly from one moment to the next, but at 
a iy time there is always one and only one limiting factor 
operating. 

If we are to follow the curve of the figure above from iis i)oint 
of origin at the intersection of the 2 axes, we find that the water 
.supply is the limiting facior to the growth rate of tl e plant, until 
the “even zone” is reached; there, the dependent variable no 
longer responds to increases in independent variable concentra* 
tion. Another characteristic of the environment has become the 
limiting factor then. As the water concentration increases still, 
the independent variable then exerts a harmful effect on the 
subjects and once more becomes the limiting factor. \o i>opula- 
tion of any organism has Icarncil to exert a sell imix)sed limit- 
ing factor yet, this ai^plies to man also, as shown by the pre.sent 
population explosion. 

7. Test Groups. These are the three groups exposed to varying 
levels of the independciit variable within the limits set by the C- 
and the CT*- They should be fairly evenly spaced hetween these 
two extremes. Suppose the C- is 0 hours of sunlight j>er day and 
CT* is 24 hour.s of light per day, then test groups I, IT, and III 
might well be respectively 6, 12, and 18 hours of sunlight ex- 
posure per day. 

8. Reiciences, You should list there a least two sources other than 
your textbook which you have consulted in connection with tlie 
design of your experiment. These may be periodical articles or 
books. Periodicals should be listed iii tiic following fashion: 
author s name, author’s initials, year of publication, article title, 
periodical title, volume and page numbers. Rook references should 
include: author’s name, author’s initial (s), year of publication, 
book title, publisher’s name and address (city at least). These 
references may be secured through any of the three recommended 
procedures for topic selection: (a) You already have some in- 
terest in an area of biological sciences and have checked on 
recent develop neiits in that area through the R.A.S, LC. “key” 
to biological abstracts, the Riological Abstracts proper and the 
original puWications l<x:ated through the abstracts in that se- 
quence, (b) \ oil have dcvcloi cd scane iiitei est through review of 
proposed experiments in sudi inaimaU as are listed in the refer- 
ences; (c) you have been assigned an experiment and related 
reading by the instructor. 

9. E(iulpmen«- and/or materials you cannot secure. This is self- 
explanatory. Please rely on yourself as much as possible as little 
allowances arc available so far for that purpose. Every effort will 
be made, how’ever, to keep lack of facilities from preventing you 
to perform a valuable experiment. 



Once the selection form is received by the in- 
structor it is examined and given maximum credit 
(10 points) if nroperly filled, or returned to the 
student without any grade, but with specific sug- 
gestions for correction by the student. Once cor- 
rected the selection form is resubmitted, and the 
procedure described above repeated if necessary. 
In the returned papers the traditional bank policy 
is followed : “charge for extra handling,” one 
point lost with each resubmission. When the se- 
lection form is completed properly the student 
proceeds with the actual performance of the ex- 
periment. 

The use of the selection form has proven in- 
valuable in various ways : 

^ Effective communication between instructor and student as 
the attention of both is concentrated on the critical aspects 
of the experiment design. Oral communication is extremely 
valuable for psychological, often emotional reasons, but so 
far as concrete subject matter considerations are concerned 
this procedure appeared to be superior. 
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^ Dctcrencc of procrastination as an early deadline has to be 
met in completion of the first step in the independent study 
and increasing penalty associated with lack of attention. 

^ Training in the analytical process of study as independent, 
dependent and irrelevant variables have to be identified in 
a student chosen area. 

^ Effective foundation for the actual performance of the ex- 
periment and subsequent reporting of the work, using quanti- 
tative expression of the results in graphic and tabulated 
form. 

The selection form is the first of four formal 
assignments involved in the independent study 
part of the course, which includes also traditional 
presentation and test. The other three assignments 
are: the progress report, final report (with extra 
points allowed for use of a foreign language in 
whole or part) and oral presentation of the study 
to the class by the student:., 

Referexcf, 

nontliius, R. H. ct a!. Independent Study Programs in tlie United 

Columbi. 'J-itllflVERSIW- OF CALIF. 

LOS ANGELES 

NOV 61967 
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John and Jerv....< • ,|, ),,^,. ,( ,,„m.r. 

iiior<‘ ( spet u^lly ' h u iiu.’ it tin- O'! 
and uni\erMt\ k* Ii . ^ratifying t'l tin 
brilliant ps\ - bol' wh- has workul ,r 
fronti<"r of Kin S]** -. ialt\ nu ri htnl prai tia. 
in the appluauion >f psyi hnlogy in edia ai 
and both disiernn ^ and ' icid in his int( ij 
tations. 

The bo(jk »i ev^'-lUriK <«nd tmiflinc'^^ 
exemplified in th( ‘lapici \ttei |ohn I H‘u 
What?” The fi\a ba-^u' ix int" nf l)e\\r 
1897 Credo are bs efiv '^ta;>-d 1 heir l*>6d 
placements a^ co. .td\'d b\ Bruner are < 
^xiunded with tht .‘Ctu tration and fasein.it 
that characterise 't-r whnk* bixik, 

We knew tluv Dewev s < hild-centered < 
ucation was valid even though it led to . 
surdities. We haw rr t yet caught up w 
him, nor has he l«-en leared of the dam. 
that misguided discip’es committed agai. 
him. The groat g.vp Ix tw’een the conceptii 
of a prophet and 'he [H-rformance of his t. 
lowers means a --hadow over the figure: 
Dewey as over n.tny another in the history: 
man. The f>lacing of ■ ■hn Dewey in the p; 
is a sobering fact to fa. r 

While for Bruner die student is avowet' 
a central concern throughout, the emphasis: 
placed upon tw'o prim pies: (1) ‘‘The stnj 
ture of knowledge — it - connectedness and ij 
derivationis that make one idea follow fri; 
another — is the proj«-r eiU|ihasis in edu: 
tion.” (2) “The unit\ of knowledge is to! 
found within km wdedge tself, if the kno’: 
edge is worth m.sterng ' I'he pursuit ol; 
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